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Introduction
Chronic non-communicable disease such as ischaemic heart disease (IHD), stroke and cancer are now substantial causes of death and disability in low-and middle-income countries, such as China.
1,2 At current death rates, 17 of the 18 million children born each year in China will survive until age 35 years, but $7 million will then die in middle age (35-69 years) , mainly due to various chronic diseases. [3] [4] [5] Population mortality rates from many common chronic diseases such as IHD and lung cancer have been declining in most Western countries, but they are increasing in China as a result of adverse changes in lifestyle, diet and tobacco use. [5] [6] [7] For each major chronic disease, there is still large unexplained variation in the age-specific rates between different populations and, within China, between different regions, [8] [9] [10] suggesting that some important non-genetic causes remain to be discovered. In addition, genetic factors and gene-environment interactions are likely to play important roles in disease causation. [11] [12] [13] Although case-control studies may suffice for the study of purely genetic factors, large blood-based prospective cohort studies are essential for the unbiased assessment of the relevance of both genetic and environmental factors, and their interactions, as determinants for common chronic diseases.
Several important causes of various chronic diseases are already known, [14] [15] [16] [17] but this knowledge is mainly based on studies in the West and does not generally suffice to explain much of the large geographic differences in disease rates around the world and between different regions of China. [8] [9] [10] 18 In part, this may reflect the unreliability of present estimates of the age-specific importance of prolonged exposure to known risk factors in different populations, particularly when they are acting in combination with each other. [15] [16] [17] Although there have already been several prospective studies of major chronic diseases in China, [19] [20] [21] [22] [23] [24] [25] each has had its limitations, including insufficient numbers, 19, 22, 24 lack of blood samples, 20, 21 involving just one city or occupational cohort [22] [23] [24] and limited data collection on risk exposures and outcome measures. [19] [20] [21] Consequently, the aetiology of many common chronic diseases in China is still poorly understood, and there is still substantial uncertainty about the present and future relevance to population mortality of many common risk factors, such as smoking. 20, 26 In 2004, we launched a large blood-based prospective study, the China Kadoorie Biobank [CKB, known previously as the Kadoorie Study of Chronic Disease in China (KSCDC)], with the goal of recruiting and assessing 0.5 million people and then following their health for at least 2 decades. 27 We report here the detailed survey methods, the main baseline characteristics of the participants and status of follow-up.
Materials and Methods

Baseline survey
The study took place in 10 geographically defined regions (5 urban and 5 rural) of China, chosen according to local disease patterns, exposure to certain risk factors, population stability, quality of death and disease registries, local commitment and capacity. For the baseline survey, a Regional Coordinating Centre (RCC) and survey team, consisting of about 15 full-time staff with medical qualifications and fieldwork experience, were established in each of the 10 study areas. Potentially eligible participants in each of 100-150 administrative units (rural villages or urban residential committees) selected for the study within each region were identified through official residential records, and invitation letters (with study information leaflets) were delivered door-todoor by local community leaders or health workers, following extensive publicity campaigns. As a pre-requisite for participating, all participants were asked to bring their unique national identity (ID) cards to the assessment centre set up in the local community. To encourage participation, any individuals attending the baseline survey who were slightly outside the target age range (35-74 years) were not turned away.
After registration and giving informed written consent (which allows access to their medical records and long-term storage of blood for anonymized and non-specified medical research purposes), each participant moved through various stations in the assessment centre. The whole clinic visit typically took $60-75 min to complete. The target daily recruitment rate was 70-80 participants per region (i.e. overall daily recruitment of 700-800 participants).
The interviewer-administered electronic questionnaire consisted of 10 major sections related to general demographic and socio-economic status, dietary and other lifestyle habits (e.g. smoking, alcohol and tea drinking), exposure to passive smoking and domestic indoor air pollution, medical history and current medication, physical activity, sleeping and mental status (using CIDI-SF 28 ) and reproductive history (for women). The physical measurements included height, weight, hip and waist circumference, bio-impedance, lung function, carbon monoxide (CO), blood pressure and pulse rate, using standard instruments and protocols and with regular calibrations. 27 In addition, blood spot tests were also done on random blood glucose and hepatitis B surface antigen (but not on any other blood-related markers). 27 For each participant, a 10-ml non-fasting blood sample (with time of last meal recorded) was collected into one EDTA vacutainer (BD Hemogard TM , USA). The samples were then kept in a portable, insulated cool box with ice packs (to maintain their temperature at 0-48C) for up to a few hours before being taken to the local study laboratory for immediate processing. After centrifuging and aliquoting, the four cryovials (including one DNA-containing buffy coat) from each blood sample were stored in a À408C freezer for 3-4 months, before being couriered on dry ice to the central blood repository in Beijing for storage at À808C. Every 6 months, two frozen aliquots of plasma sample from each participant were couriered on dry ice from Beijing to Oxford for long-term storage in liquid nitrogen tanks.
Within a few weeks of the initial baseline survey in a particular community (e.g. village), a quality control (QC) survey was done, involving $3% of the participants randomly selected from that community with repeat questionnaire and measures on selected items. During the course of the survey, regular central monitoring was also undertaken to assess the recruitment rate, the distribution of certain key variables, the time delay with blood processing and consistency of the data collected, both overall and by individual staff. On-site monitoring visits were also undertaken every 6 months by provincial Centres for Disease Control and Prevention (CDC) staff and annually by Oxford/Beijing staff.
Overall, a total of 354 local staff were involved in the baseline survey and the total number who completed 95% of all the data collection for the whole study was 21 for initial registration and consenting, 20 for anthropometric measurements, 24 for blood pressure measurements and blood collection, 23 for lung function and CO and 113 for the main questionnaire.
Prior to starting the project, central ethics approvals were obtained from Oxford University, and the China National CDC. In addition, approvals were also obtained from institutional research boards at the local CDCs in the 10 regions.
Re-survey
Following completion of the baseline survey in July 2008, a re-survey was undertaken in 10 study regions during August and October 2008. It involved $5% of randomly chosen surviving participants and used administrative unit (i.e. rural village or urban residential committee) as the basic sampling unit. Apart from a few additional questions (e.g. recent hospitalization), the data collection and survey procedures were much the same as in the baseline survey. The data from this first re-survey (as well as the planned subsequent periodic re-surveys) will allow, after controlling for 'regression dilution' bias, 29 unbiased prospective assessment of associations between long-term 'usual' levels of particular risk exposures and disease in the whole population. For the subsequent re-surveys, new and more detailed data collection to the study (e.g. better measures of physical activity or dietary patterns) will be considered, so that information collected at the baseline survey can be calibrated and enhanced. 30 Long-term follow-up All 10 study regions are part of China's Disease Surveillance Points (DSP) system, which provides mortality statistics for the entire country. 3 The vital status of study participants is being monitored regularly through official residential records and death certificates reported to the Regional CDC, where each study RCC office is based. Any deaths occurring among participants are coded (using the 10th International Classification of Diseases, ICD-10) by trained staff 'blinded' to baseline information. Causes of death from official death certificates are being supplemented, if necessary, by review of medical records (which are usually available). To help minimize the under-reporting of deaths and to identify participants who have moved permanently out of the study areas, separate active confirmation of vital status is also being carried out annually by reviewing of residential records and/or by visits to local communities. For any additional deaths not identified through routine procedures, the causes will be sought by reviewing hospital records or by conducting a verbal autopsy using a validated instrument. 31 Information on disease incidence for stroke, IHD, cancers and diabetes is also being collected through linkage with established disease registries that is currently available in 8 out of the 10 study areas. Future follow-up for incident cases of these conditions, as well as for many other types of hospital admission, will be based chiefly on electronic linkage with the new national health insurance (HI) claim databases that are now fully established in all 10 study regions. Based on the initial linkages done in study areas, personal information can be matched to these HI databases for most of the participants using the unique national ID, and $4-5% of the participants had had at least one hospital admission recorded each year. The main phase of data collection through local HI databases is now starting in all study areas. To help improve the accuracy of diagnosis and phenotyping of reported conditions, outcome adjudication and further data collection for specific disease or diagnostic information (e.g. oestrogen receptor status for breast cancer) will also be undertaken for a range of major diseases.
Statistical analysis
For baseline variables, the mean values and prevalences were calculated separately for men and women, standardized by 5-year age group and areas. Where necessary, data were also analysed separately for urban and rural areas. For agreement between baseline and subsequent data collected at QC survey and re-survey, weighted kappa (k) or Spearman correlation analyses were used. All analyses were conducted using SAS version 9.2.
Results
Overall, 515 681 people attended the baseline survey between June 2004 and July 2008, of whom 261 (0.05%) withdrew before completion, 2208 (0.4%) were found subsequently to have inadvertently attended the survey twice at different time points and 1 had major data errors. The estimated population response rate was $30% (26-38% in the five rural areas and 16-50% in the five urban areas). Of the 513 211 participants with valid baseline data (i.e. completed questionnaire, physical measurements and consent form), blood collection was successful in 99.98% and the mean delay from blood sample collection (with immediate chilling) to sample separation (with immediate freezing) was 10.6 h.
Overall, of the 512 891 participants aged 30-79 years (i.e. excluding 320 outside this age range) for the present analysis, 41% of the participants were men, 56% were from rural areas and the mean age was 52 years.
The number recruited from each area ranged from about 30 000 in Haikou to over 63 000 in Henan (Figure 1 ). There was a significant deficit in the number of participants born in 1958-61, which coincides with the great famine in China, compared with previous or subsequent years (Figure 2) , and this pattern was seen in all regions. Tables 1 and 2 show the baseline characteristics of the study participants. Nearly all were married and the proportion having no spouse (mainly widowed) was more than twice as high in women as in men (11.3 vs 4.9%), reflecting higher death rates in men than in women. About half of the participants had at least 6 years of formal education, and the proportion was much higher in men than in women and in urban than in rural regions and varied significantly by area and year of birth (Figures 3 and 4) . At baseline, 480% had basic health cover, and there has been further increase in the coverage rate during the subsequent years following the health-care reform. The prevalence of ever-regular smoking was much higher in men than in women (74 vs 3%); among men, it varied little by area and age ( Figures 3 and 4 ) but among women, there has been a major decrease since 1950 in smoking uptake rates, so the habit is extremely uncommon (<1%) in women born since 1950 ( Figure 4 ). For regular alcohol and tea drinking (mainly green tea), large differences in prevalence were also seen between men and women and, among men, the prevalence varied greatly by area (Figure 3 ). At baseline, nearly all reported daily consumption of fresh vegetables, whereas the proportions consuming meat/poultry, fish/sea food, egg, soybean products, fresh fruit on most days were 47, 9, 25, 10 and 28%, respectively (Table 1) . Although only 12% reported consumption of dairy products, there was 410-fold variation across the study areas, as is the case for the consumption of spicy food (Figure 3) . Overall, 17% of the participants reported taking food supplements (e.g. multi-vitamins) regularly and, in both sexes, this percentage increased steadily with higher age (Figure 4 ). About half reported using smoky cooking fuel (stalks, wood or coal) and the proportion was almost 10 times as high in rural as in urban areas (Figure 3) .
Only about 5% of the women reported having menarche before the age of 13 years, but the proportion increased almost linearly with year of birth, with exception of an anomalous drop among women born in 1940-45, reflecting delayed menarche due to the 1959-61 famine (Figure 4) . Nearly all of the women in the study had given birth, and 6.6% reported having had five or more live births, which was significantly higher in rural than in urban areas and among older women ( Figure 4 ) and varied greatly across 10 areas even at old age ( Figure 3 ). Only about 10% of the women reported ever using oral contraceptives, with the proportion ranging from <1 to $40% at reproductive ages in different areas (Figure 3) .
The overall estimated total daily energy expenditure (based on type, strength and duration of each type of work, transportation, exercise and household-related work 32, 33 was about 26 Metabolic Equivalent of Task (MET) hours, with little difference between men and women ( Table 2) . Mean body mass index (BMI) was 23.4 kg/m 2 in men and 23.8 kg/m 2 in women, with only 4% being obese (430 kg/m 2 ). Across the 10 study areas, the prevalence of obesity ranged from 1.6 to 11% (Figure 3 ). Although stroke rates are high in China, the mean blood pressure at baseline was only 132/79 mmHg in men and 130/77 mmHg in women. With the exception of hypertension, a small proportion of participants also reported having various (Table 2 ) For certain conditions, such as diabetes, there was large variation across the 10 study areas (Figure 3 ) and inclusion of random blood glucose measured at baseline did not alter the patterns of regional variation. Waist/hip ratio was found to be more strongly associated with diabetes compared with other measures of adiposity in both men and women ( Figure 5) .
At the baseline, QC survey data were available for 15 728 participants (3.1%), with the mean length of time between baseline and QC survey being 17 days [standard deviation (SD) ¼ 36 days]. There was good agreement between the baseline and QC survey for several common variables, with the weighted k coefficient being 0.94 for tobacco use, 0.79 for alcohol drinking, 0.77 for tea drinking, 0.94 for women's menopausal status, 0.91 for number of pregnancies, 0.85 for age at menopause and 0.76 for use of contraceptive pills. The within-person Spearman correlation coefficients between baseline and QC measures were 0.84 for systolic blood pressure (SBP) and 0.77 for diastolic blood pressure (DBP). For the re-survey in 2008, of the total invited, 19 802 (80%) attended it, with the response rate being higher in rural (84%) than in urban areas (75%), and slightly higher in women (81%) than in men (78%). For most of the variables examined, especially various physical measurements (Table 3) , there was good agreement with the baseline measures. The height, weight and BMI showed extremely high correlation with baseline measures (0.99, 0.96 and 0.93, respectively), whereas for other measures of adiposity (waist and hip circumferences, and body fat percentage), they ranged from 0.82 to 0.90. For SBP, it was 0.70 without any adjustment for months of measurement, which affected blood pressure greatly (and heart rate to a lesser extent) due to seasonal variation in outdoor temperature (data not shown). By 1 January 2011, 10 763 people (2.1%) were known to have died, 956 (0.2%) were lost to follow-up (Table 4) . Overall, linkage to local HI databases had already been achieved for 91% of the participants, ranging from 76% in Haikou to 99% in Sichuan. Based on death and disease registries (but not HI), there were 9475 new cases of stroke (including 8008 first incident events), 4071 IHD and 6381 cancer cases reported.
Discussion
The CKB is one of the largest blood-based prospective studies ever conducted. It aims to assess the effects of both established and emerging risk factors for many different diseases, not only overall but also in a range of different circumstances (e.g. at different levels of other risk factors). By storing both plasma and DNA samples, it will also allow reliable assessment of the relevance of many genetic and other novel blood-related factors that will be proposed in the future as determinants of chronic diseases. To achieve rapid recruitment cost-effectively and to target regions with high rates of certain conditions (e.g. stroke, chronic obstructive pulmonary disease [COPD]), the study cohort is not designed to be representative of the general population in China. Despite this, the inclusion of an extremely large number of people from diverse populations should help to generate important new findings about the causes of many diseases that will be generalizable to other populations with different distribution of risk exposures. 34 The collection of non-fatal disease events will not only greatly increase the statistical power of the study, but also improve the reliability of diagnosis for these conditions [e.g. $80% of the reported stroke cases can be confirmed and subtyped based on computerised tomography (CT) or magnetic resonance imaging (MRI) scans]. The establishment of electronic linkage with the HI databases in the study areas, which was not envisaged at the beginning of the study, 27 will further increase the statistical power and the range of conditions that can be investigated reliably.
Given the extensive range of data collected, it is not feasible to provide detailed descriptive analyses in this article of all the information that was collected. Nevertheless, the results that are presented demonstrate great heterogeneity of many major risk factors for chronic disease within the study population. Of particular concern is the high prevalence of tobacco smoking in Chinese men, which has followed a similar pattern, albeit 40 years later, to that observed among adults in the USA. 15 On the whole, only a small proportion of Chinese women smoke and, unexpectedly, there has been a progressive decrease over the past few decades in the probability of women starting to smoke. If this low uptake of smoking by young women continues, then although the proportion of deaths before the age of 70 years that is attributed to smoking may increase from $12% in 1990 to $33% in 2030 among Chinese men, it will probably decrease from $3 to <1% among Chinese women. 20, 26, 35 Long-term continuation of the present study will help monitor the tobacco epidemic over the next few decades in China.
For each of the other selected variables that are presented, there is also large heterogeneity by age, sex and study area. For some, the observed variation may be driven mainly by environmental factors (e.g. seasonality of blood pressure) or due to upheavals in recent Chinese history (e.g. number of participants by birth year and anomalous changes in secular trend of age at menarche); for some, it may be due to birth cohort effects (e.g. age at menarche and birth 36 and what is 'biologically' optimal (e.g. average BMI of 20-22 kg/m 2 among most of the rural participants in the present study), which is associated with the lowest overall mortality.
14 Such prospective evidence will be essential for assessing the appropriateness of having regional-specific cut-points for defining overweight and obesity. 18 Moreover, the availability of different measures of adiposity (e.g. BMI, waist circumference and body fat percentage) in the present study will also allow for reliable assessment of their relative values for different conditions. For example, waist/hip ratio was shown to be more strongly associated with prevalence of diabetes compared with other measures of adiposity, but this needs to be confirmed further by prospective analysis of the disease incidence data. The inclusion of large number of people born during the great famine in 1959-61 also provides a good opportunity to assess the relevance of nutritional deprivation early in life to chronic diseases later in life. 37 In summary, we have successfully established the large CKB and good linkages with various health record systems for long-term follow-up of study participants. With another 5 years of follow-up, there will be about 25 000 deaths and about 100 000 hospitalized events. This will help to provide reliable evidence about the effects of smoking, adiposity, blood pressure and many risk factors for major diseases. Stroke is the largest cause of serious disability and death in China. 38, 39 With accumulation of large number of well-characterized stroke cases among the study participants, it will soon allow a uniquely large blood-based nested case-control study of genetic and non-genetic causes of stroke to be conducted. As follow-up continues, subsequent studies of a wide range of risk factors for a range of other common conditions will also be possible. This large biobank will be a powerful resource for investigating, both independently and in collaboration with other similar studies around the world, [40] [41] [42] [43] the main causes of many common chronic diseases over the next few decades. The information generated will be of general relevance to the better understanding of disease aetiology not only in China but also in other countries.
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